Objective: To examine the effects of the Kobe, Japan, earthquake, a life-threatening event, on stress and glycemic control in diabetic patients.
I
N VARIOUS countries, including Japan, the threat of severe earthquakes has led to the development of antidisaster plans to prepare for catastrophic medical events and to prevent health crises. Nevertheless, when the Kobe earthquake occurred on January 17, 1995, with a magnitude of 7.2 on the Richter scale, hospitals in the Kobe area equipped with modern medical facilities and technologies suffered severe structural and nonstructural damage. 1 The earthquake greatly affected not only patients with chronic conditions like anorexia nervosa 2 and kidney failure requiring hemodialysis 3 but also the medical staff. 4 The results of studies of animal models of diabetes suggest that psychosocial stress may play a role in either or both the onset and the metabolic control of diabetes mellitus. Studies of the influence of stress, however, have yielded mixed results on metabolic control-ie, an increase, no change, or a decrease in blood glucose levels-when random samples of patients with type 1 diabetes are examined. 5 An early study suggests that feelings of anxiety and tension might be associated with decreases in glucose levels, whereas those of anger and resentment might be associated with increases in glucose levels. 6 Almost all studies, however, were of short-term psychological stress.
The aim of this study, therefore, was to examine the effects of the Kobe earthquake on patients with diabetes mellitus, with special emphasis on life-threatening stress and glycemic control after this traumatic event. Because this is not a prospective study, we first examined the glycemic control and psychological effects of the earthquake by comparing the hemoglobin (Hb) A 1c levels and the General Health Questionnaire (GHQ) 7, 8 scores of diabetic patients in Kobe with those of patients in Osaka where a magnitude 4.2 earthquake hit but produced little damage to houses and traffic facilities. We then examined the long-term effects of the Kobe earthquake on glycemic control in diabetic patients in Kobe.
RESULTS
There were no differences between the patients from Kobe and those from Osaka with regard to age (59.3±1. 2 tients from Kobe were taking insulin vs 69 of 277 patients from Osaka), and socioeconomic status except for the ratio of non-insulin-dependent diabetes mellitus to insulin-dependent diabetes mellitus among the patients (147:10 vs 271:6, 2 =50.56, PϽ.01). The relatively small number of patients in the group from Kobe was partly due to patients' deaths or transfers to other hospitals during and after the Kobe earthquake. The number of such patients, however, was less than 10% of the total number of diabetic patients in Kobe 1 to 2 months after the earthquake, suggesting that our patients were representative of diabetic patients in Kobe and that selection biases were kept to a minimum. Because the GHQ scores were not available before the earthquake for patients in Kobe, we included diabetic patients in Osaka as a comparison, who experienced less effects of the earthquake with minimum damage to households and no injury to family members.
As shown in Table 1 , the GHQ scores of the diabetic patients in Kobe were significantly higher than those in Osaka. These higher scores were observed in essentially all age groups of the patients, from the 20s through the 70s. When the GHQ was analyzed according to the 4 factors listed earlier, 8 there was a significant difference in stress-related somatic symptoms, sleep disturbances and anxiety, and social dysfunction between the
PATIENTS AND METHODS

PATIENTS
We studied 434 diabetic outpatients, 157 of whom lived in Kobe and the other 277 in Osaka. The patients recruited into the study received routine care in the diabetic clinics of Kobe University Hospital and Osaka Medical College Hospital and had responded to the questionnaires. The patients who did not complete or declined to fill out the questionnaires were not included in the study; they made up less than 20% and 10% of the total number of diabetic patients in Kobe and Osaka, respectively. Informed consent for participation in the study was obtained from all these patients. Glycemic control was evaluated in terms of HbA 1c levels (normal, 0.043-0.055 [4.3%-5.5%]), which were determined by highperformance liquid chromatography. The HbA 1c levels were measured and the questionnaires administered about 2 months after the earthquake. The HbA 1c levels that were measured 1 to 2 months before the earthquake were also collected from the medical records of patients. The amount of time that elapsed between the disaster and the outcome measurements was the same for the patients of both Kobe and Osaka.
QUESTIONNAIRES
The GHQ 7, 8 is a self-administered questionnaire containing 60 questions concerned with psychological distress or altered behavior. It starts with questions that have a somatic bias and gradually progresses to questions eliciting more overtly psychiatric content, with the questions that were considered to be potentially most disturbing occurring at the end. All 60 questions were scored according to the simple GHQ scoring method: absent, 0; present, 1. For example, answers were categorized as follows: "Not at all" and "No more than usual" were scored as 0; "Rather more than usual" and "Much more than usual" were scored as 1.
A patient's total score is the sum of measures for every question, as indicated in the above example, this total score being taken to represent a person's psychiatric state. The GHQ data were further analyzed according to 4 factors, 6 which were stress-related somatic symptoms, sleep disturbances or anxiety, social dysfunction, and severe depression. With this analysis of the GHQ, we have recently demonstrated that the Kobe earthquake had a great effect on the mental health of our medical staff 4 and on the feeding behavior of some patients with anorexia nervosa. 2 Self-administered questionnaires were also used to collect data about the severity of damage to houses or the presence of fatalities or injuries within patients' families or among relatives. The questions are as follows: 
FOLLOW-UP STUDY
To examine the long-term effects of the Kobe earthquake on glycemic control, 70 patients of 62.3±1.6 (mean±SE) years of age with diabetes mellitus were studied, all of whom were available for monthly measurements of plasma HbA 1c levels from at least 1993 and who lived in the city areas most destroyed after the earthquake.
STATISTICS
Statistical analysis was performed by analysis of variance, Student t test, and 2 test where appropriate (StatView, Abacus Concepts Inc, Berkeley, Calif). patients of the 2 districts ( Table 2) . Stress-related somatic symptoms include "feel tightness or pressure in the head," "feel run down and out of sorts," "feel ill," "getting pains in the head," "not feeling well or in good health," "have no energy," and "feel too tired even to eat." Social dysfunction is expressed in the items such as "not capable of making decisions," "not doing things well," "not able to face problems," "not able to enjoy day-today activities," "not satisfied with carried-out tasks," "feel useless," and "taking longer to do things." There was no difference in the subscale of the GHQ, severe depression. Hemoglobin A 1c levels were significantly increased after the earthquake in the patients of Kobe (0.0744±0.0015 vs 0.0764±0.0011 [7.44%±0.15% vs 7.64%±0.11%]; n=110; PϽ.01), whereas they were not in the patients of Osaka (0.0776±0.0044 vs 0.0774±0.0018 [7. 76%±0.44% vs 7.74%±0.18%]; n=270).
Follow-up studies showed that the HbA 1c levels peaked 3 to 4 months after the earthquake. As shown in the 1994 and postquake year 1995 generally were lower in September through December and higher during the rest of the year. The levels in 1995 were raised and peaked in April and May (the absolute increase, 0.0075 [0.75%]) compared with those of the other years. These levels returned to the prequake levels in June. The pattern of the annual change of HbA 1c levels was different from that observed before the earthquake and a year after it. Table 3 shows the worsening of glycemic control and the psychological distress as observed in high scores on the GHQ for diabetic patients with severe damage to houses (n=21) and/or fatalities or injuries within their families or among relatives (n=7). The magnitude of the increases of HbA 1c levels, as expressed in percent changes because of the small number of patients, coincided with the high scores on the GHQ.
COMMENT
Stress causes various behavioral, endocrine, and autonomic changes in humans. Thus, emotional stress is thought to have considerable effects on metabolic control in patients with diabetes mellitus. On January 17, 1995, Japan experienced a disastrous earthquake 1 that killed more than 6000 people and left homeless more than 250 000 citizens in Kobe. With this unique lifethreatening event occurring in the lives of these people, we decided to study the metabolic control of diabetes mellitus in patients after the earthquake.
Although the immediate psychological aftermath of the disaster could not be examined because of the confusion in our university hospital, we were able to study the long-term effects of the earthquake on glycemic control and psychological stress. The GHQ was used as a screening instrument to detect possible psychiatric problems or disorders. This questionnaire has been widely used in various countries and different settings, including general practice and the community. 7, 8 Higher GHQ scores in patients with insulindependent diabetes than in control subjects were described previously, 9,10 but, to our knowledge, the effects of life-threatening disasters such as earthquakes on diabetes mellitus have not been reported. The diabetic patients in Kobe were found to have significantly higher GHQ scores than those in Osaka, who had scores near the cutoff values for the general population in Japan. Significant differences were observed in somatic symptoms, sleep disturbances and anxiety, and social dysfunction, which could affect patients' compliance behaviors in ways that lead to difficulties in metabolic control. Although the earthquake did not substantially increase the occurrence of severe depression, this might be due to patients being in the heroic stage, 11 as noted in other Kobe citizens when the GHQ was administered (M.U., unpublished data, 1997). These results suggest a serious psychological effect on diabetic patients. A significant, albeit small, elevation of HbA 1c levels after the earthquake might be the sum of the mixed results as observed in short-term psychosocial stress. There is no essential difference in the results between patients with non-insulin-dependent diabetes and those with insulin-dependent diabetes (A.I., unpublished data, 1997). It has yet to be determined whether persons such as those with type A behavioral patterns 5 may be at risk for having greater metabolic responses to psychosocial stress. Although the increase of HbA 1c levels is likely related to other factors such as the inevitable disruption of lifestyle, diet, and access to medication, a high GHQ score, suggesting psychosocial stress, indicates an association between chronic stress and glycemic control.
Follow-up studies demonstrate that this is especially the case for the patients who suffered severe damage to their houses and/or who had relatives killed or injured. The number of cases of acute myocardial infarction increased within the first 3 weeks after the earthquake. 12 Therefore, the Kobe earthquake appears to have induced emotional stress of both acute and chronic natures, and the chronic stress might be of more importance for glycemic control in diabetic patients.
Our study demonstrated that psychological problems after the devastating Kobe earthquake may be responsible for the aggravation of glycemic control in diabetic patients, possibly through changes in neuroendocrine regulatory mechanisms and patients' compliance behaviors. The scale of the earthquake was beyond all expectations, and the contingency plans for a large disaster proved to be totally inadequate. 1, 13 Even a highly organized and affluent society may be brought to a standstill when it is hit by a disaster of this magnitude. Our studies suggest that antidisaster programs should include psychosocial interventions for patients with chronic diseases like diabetes mellitus, anorexia nervosa, 2 or kidney failure requiring hemodialysis 3 and for elderly people 13 and medical staff. †The number of patients who gave positive responses=7; negative responses=116.
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